This paper is concerned with the liquid-expanded (LE) -liquid-condensed (LC) transition in monolayers of amphiphilic molecules at the air-water interface. A model, which can be mapped into the Blume-Emery-Griffiths Hamiltonian, has been considered before within the (mean-field) Bragg-Williams approximation and it gave results which could be successfully compared with experiment. The LE-LC transition has been associated with a chiral-symmetry breaking of the hydrocarbon-chain defects. This model is treated here with a Migdal-Kadanoff approximate position-space renormalization group. Renormalization-group flows are consistent with those obtained by previous authors. The conrlection between experin&ental and Hamiltonian parameters is easiest for a particular choice of ensemble, which turns out to be rather subtle for this problem. As in the work of Lavis, Southern, and Bell, isotherms in the surface-pressure -molecular-area plane do not show a signature of the LE-LC transition. The better agreement between experiments (showing a compressibility jump at the LE-LC transition) and mean-field theory suggests that in these cases long-range forces depending on the nature of the polar head and on the water substrate pH are responsible for the jump.
I. INTRODUCTION
Monolayers of simple amphiphilic molecules (e.g. , fatty acids or alcohols) at the air-water interface, exhibit a variety of phase transitions. One of these, at relatively high surface density, is the so-called liquid-expanded (LE) -liquid-condensed (LC) transition. A similar transition also occurs in more complex systems, such as those containing molecules with two hydrophobic chains (phospholipids and lecithins), two polar heads (hydroxyhexadecanoic acids, abbreviated HHA in the literature), or discotics (BH-n) . In this paper we present a positionspace renormalizatio~-group study (PSRG) of the LE-LC transition in the simplest amphiphilic monolayers.
In contrast with the gas-liquid transition in monolayers whose experimental study is extremely difficult, the LE-LC transition offers the advantage of being relatively easy to observe. Since, moreover, the nature of the LE-LC transition is not yet completely clear (in particular the order of the transition is still a subject of controversy), this type of system has been subjected to a large number of theoretical as well as experimental investigations. ' Experiments have shown that the LE-LC transition is not an artifact caused by a small spreading pressure and a crossover to a three-dimensional state. However, a piece of perfectly horizontal isotherm in the surface-pressure (H) -molecular-area (0. ) diagram, which is the unmistak- ' -s, ) 
III. RENORMALIZATION-GROUP FLOWS AND FIXED POINTS
We use the Migdal-Kadanoff approximation on a triangular lattice. ' ' Bonds are moved in the standard way.
There are, however, two popular ways of treating singlesite terms. In one of them (the Emery-Swendsen procedure), single-site terms are not moved, while in the other procedure, single-site terms are shared equally among bonds and then moved. The first method has the advantage that it is exact for J =E =0. The second method on the other hand has the advantage that the results are insensitive to redefinitions of the S; which mix single-site and bond parameters. ' We have investigated results obtained from both procedures. The fixed-point topology is similar in both cases but exponents are different. We discuss briefly the fol- Z'=Z 4n(1+2 '6 1+zw (u'+u ) 1+2z
where c=e, z=e, U=e, w=e .
Since we are interested mainly in the LE-LC transition, only a small subset of renormalization-group (RG) fixed points are of interest to us. Furthermore, the BEG model has been exhaustively studied in the literature" ' ' (see Ref. 13 for further references). Hence we limit ourselves in this section to an outline of the general behavior of the RG flows and to the properties of a few of the fixed points of interest to us, making only a few comparisons with the literature. We follow the notation of Berker and Wortis. "
The surfaces appearing on Fig. 3 single-site terms but they worked on a square lattice. They have also noted differences between the exponents obtained from single-site moving and from the EmerySwendsen procedure. In our case, the main difference is that the exponent y6 is irrelevant in the former approach and marginal in the latter one. Our main conclusions are insensitive to this difference. The calculations presented in Sec. IV use the equations (3.1) derived from the Emery-Swendsen procedure. Even though average thermodynamic quantities are independent of the choice of ensemble, the relationship between real physical quantities and Hamiltonian parameters defined on a lattice gas is more natural in a particular ensemble.
In the usual lattice-gas approaches to gasliquid transitions, for example, the volume associated with each lattice site is fixed and the average occupation is controlled by a chemical potential. In other words, the grand canonical ensemble is the most natural choice. If one is confronted with a problem at close packing where the volume occupied by a molecule depends on its internal state, then the isothermal-isobaric ensemble is more convenient.
The number of sites is fixed and equal to the number of molecules. Here we are faced with a situation which borrows certain aspects from both of the above problems since we have vacancies which are most easily treated within the grand-canonical ensemble while the volume change associated with a change of molecular state is most easily treated within the isothermal-isobaric ensemble.
Suppose we start from the isothermal-isobaric ensem- Table II . The dots are critical points. There is no obvious change in the compressibility near the transition. This is discussed in the text.
phase. Our lattice-gas model is in fact an inaccurate description of the very dilute phase.
(ii) At higher pressures the parameters converge towards the LC phase sink fixed point ( J',K', 6*) =(+~, -oo, -oo ). We thus obtain the LE-LC transition, but as can be seen from Fig. S , there is nothing which can be interpreted as a rapid change in compressibility at the transition. Such a change, if any, would have to come from the nonsingular part of the free energy. A theoretical discussion on this absence of signature at the transition on the isotherms is given by LSB.
We present additional remarks on this subject in Sec. V.
V. ANALYSIS GF THE RESULTS AND COMPARISON WITH EXPERIMENT
A.. Theoretical results By using the renormalization group to study a simple model we have implicitly assumed the validity of the universality hypothesis for this problem. It is thus not .urpri sing to find that our results, close to a transition, are almost identical to those of LSB. Indeed, whatever the details of the model, the critical exponents which govern the behavior of the isothermal compressibility on either side of the transition should be the same when the dimensionality of the system and order-parameter symmetries of the Hamiltonians are identical. Note, however, that we have not identified physical observables in the same way as LSB, but our definitions are presumably not different enough to lead to effective exponents which markedly differ from those of LSB. In particular, the exponent inequality which they use to explain their results must also be satisfied in our case. More specifically, they point out that a simple extension of the Nienhuis-Nauenberg argument for order-parameter discontinuities at phase transitions shows when one can expect a diverging, jumping, or smoothly behaving compressibility at the transition. The result is that if y is the leading exponent to which the pressure field is coupled, then the necessary condition for each of the above behaviors is, respectively, y &d/2, y =d/2, and y &d/2. One must account for the fact that within our model Eq. (A8) is used to compute the isotherms but since Bp, /Bp is not singular at the transition, the above argument is still valid. (p, is a "site" chemical potential. See Appendix. )
In our case, one can check from Eqs. (2.7) that the pressure field couples to all eigenvectors. Hence, the smooth behavior which we find at the transition is explained by the fact that the LE-LC transition is in the Ising universality class represented by the fixed point C which (Table   II) has its largest exponent smaller than d/2. It is conceivable, however, that a more accurate treatment of our model would yield results in better agreement with experiment. That could come about in two ways:
(i} The exact relevant exponent for the Ising transition we are interested in is the Onsager result y=1=d/2.
Hence a jump in the compressibility could occur (y = I is not a sufficient condition).
(ii) Far from the transition, results are nonuniversal and can rnirnic on a coarse scale the appropriate change in monolayer compressibility.
To obtain such background nonuniversal terms, however, series expansions are more accurate. A more detailed model may also be required far from the transition.
The following discussion of experimental findings and the very good results of mean-field theory suggest another conclusion. showed that an increase in the pH of the water leads to a disappearance of the "classical" LE-LC transition. More recently, Bouloussa found that on certain dipeptide monolayej. s n-Palm -L-Ala -Gly and n-Palm -Gly -LAla (n-Palm, palmitic acid, or n-hexadecanoic; Ala, alanine; Gly, glycine), the simple permutation of two polar groups leads to the appearance or disappearance of the compressi~bility jump (see Fig. 6 ). 
